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1	Introduction
Beam management is a rather an unofficial term and can be understood quite widely. As we explained previously in [1], from our point view and from above PHY layer perspective it should focus on managing, on MAC layer, the beams, which are used by the UE for PDCCH reception. However, currently RAN1 is not discussing that aspect, i.e. PDCCH beam is configured to the UE with RRC signalling, potentially based on L1-RSRP measurements, but there is no possibility to switch the monitored PDCCH beams via lower layer signalling (neither layer 1 nor layer 2). Therefore, one may state that what is currently meant by beam management in RAN1 is PDSCH/PUSCH beam management, i.e. switching between the beams from the configured candidate beams set to choose an active beam for a certain PDSCH reception or PUSCH transmission. Switching of beams is performed using DCI and therefore beam management is mainly PHY layer functionality. Nevertheless, there are some impacts to specifications and protocols for which RAN2 is main responsible WG, i.e. to RRC and MAC. This paper attempts to identify those impacts in order to properly plan finalization of these specs for December version of the standard, at least as far as beam management is concerned.
2	Discussion
2.1 General
As mentioned in the introduction, beam management relates mainly to managing beams used for PDSCH reception and PUSCH transmission by the UE. Therefore, it is mainly described in 3GPP TS 38.214. The version, which we used for the analysis below is the one, which can be found in [2].
According to this specification, switching of beams or beam indication is performed using DCI without involvement of higher layers. However, there are many fragments suggesting some functions will have to be specified in MAC protocol although the impact is not yet entirely known. We identify potential impacts by citing the relevant fragments of 38.214 with a reservation that this is still based on a draft version of the specification.
2.2 Triggering of CSI reporting
Current status can be found in the table below extracted from [2]. It can be seen that for semi-persistent CSI report triggering it is yet to be decided whether MAC CE, DCI or both can be used. 
	5.2.1.4		Reporting configurations
The CSI Reporting configuration can be aperiodic (using PUSCH), periodic (using PUCCH) or semi-persistent (using [PUCCH, PUSCH, TBD]). The CSI-RS Resources can be periodic, semi-persistent, or aperiodic. Table 5.2.1.4-1 shows the supported combinations of CSI Reporting configurations and CSI Resource configurations and how the CSI Reporting is triggered for each CSI-RS configuration. Periodic CSI-RS is configured by higher layers. Semi-persistent CSI-RS is activated and deactivated by [MAC CE and/or DCI, TBD]. Aperiodic CSI-RS is activated and deactivated by [MAC CE and/or DCI, TBD].  
Table 5.2.1.4-1: Triggering of CSI Reporting for the possible CSI-RS Configurations.
	CSI-RS Configuration
	Periodic CSI Reporting
	Semi-Persistent CSI Reporting
	Aperiodic CSI Reporting

	Periodic CSI-RS
	Higher layers
	[MAC CE and/or DCI, TBD]
	DCI

	Semi-Persistent CSI-RS
	Not Supported
	[MAC CE and/or DCI, TBD]
	DCI

	Aperiodic CSI-RS
	Not Supported
	Not Supported
	DCI






It can be also read in Section 5.2.4 CSI reporting using PUCCH)” of [2]:
	A UE shall perform semi-persistent CSI reporting on the PUCCH upon decoding [ an uplink DCI format and/or decoding a MAC CE (one or both are TBD)].  The uplink DCI format or the MAC CE will contain one or more CSI Reporting Setting Indications where the associated CSI Measurement Links and CSI Resource Settings are higher layer configured. Semi-persistent CSI reporting on the PUCCH supports Type I CSI. Semi-persistent CSI reporting on the Short PUCCH supports Type I CSI with wideband and partial band frequency granularities. Semi-persistent CSI reporting on the Long PUCCH supports Type I Subband CSI and Type I CSI with wideband and partial band frequency granularities.



Therefore, MAC CE might have to be specified for triggering CSI reporting. After the report is triggered, CSI can be reported by the UE via UCI on either PUSCH or PUCCH channels, so there is no impact on L2/3 layer protocols for CSI reporting.
Observation 1: MAC CE might need to be specified for semi-persistent CSI report triggering. However, this is pending final RAN1 decision.
2.3 CSI-RS selection and activation
CSI-RS selection and activation is described in section 5.2.2.3.4 of [2]:
	[bookmark: _Toc497483452]5.2.2.3.4	CSI-RS selection and activation
For a UE configured with the higher layer parameter ResourceConfigType set to ‘aperiodic’, 
-	if the number of configured CSI-RS resource sets is larger than the higher layer configured CSI-RS-ResourcePerSetMax,
-	the UE receives a selection command [10, TS 38.321] selecting a subset of CSI-RS resource set(s) no larger than CSI-RS-ResourcePerSetMax from the configured CSI-RS resource sets.
- 	the UE receives a DCI based activation command indicating a CSI-RS resource set to activate.
- 	the UE may assume quasi co-location as configured by the higher layer parameter [qcl-CSI-RS-Info] of
 	- 	aperiodic CSI-RS antenna ports of a resource set and SS block. 
- 	aperiodic CSI-RS antenna ports of a resource set and another CSI-RS resource set which is configured as periodic or semi-persistent. 
For a UE configured with the higher layer parameter ResourceConfigType set to ‘semi-persistent’. 
-	when a UE receives an activation command [10, TS 38.321] for CSI-RS resource(s) associated with configured CSI resource setting(s) in slot n, the corresponding actions in [10, TS 38.321] and the UE assumptions on CSI-RS transmission corresponding to the configured CSI-RS resource configuration(s) shall be applied no later than the minimum requirement defined in [10, TS 38.133]. 
-	when a UE receives a deactivation command [10, TS 38.321] for activated CSI-RS resource(s) associated with configured CSI resource setting(s) in slot n, the corresponding actions in [10, TS 38.321] and UE assumption on cessation of CSI-RS transmission corresponding to the deactivated CSI-RS resource(s) shall apply no later than the minimum requirement defined in [10, TS 38.133].
-	the UE may assume quasi co-location of the CSI-RS resource and SS block as configured by the higher layer parameter [qcl-CSI-RS-Info].



As can be seen from the description above there are references to MAC specifications, but these aspects are not yet captured in MAC at all. The activation command” mentioned in the text is most probably the same one as mentioned above in section 2.1 of this contribution as it concerns semi-persistent report triggering. However, MAC is also mentioned in the context of “selecting a subset of CSI-RS resource set(s) no larger than CSI-RS-ResourcePerSetMax from the configured CSI-RS resource sets” in case “the number of configured CSI-RS resource sets is larger than the higher layer configured CSI-RS-ResourcePerSetMax” for aperiodic CSI reporting.
Observation 2: MAC CE needs to be specified allowing for selection of a subset of CSI-RS resource set(s) from the configured CSI-RS resource sets.

2.4 Resources and reporting configuration
It can be read in [2] that:
	For CQI, PMI, CRI, RI, L1-RSRP, a UE is configured by higher layers with N≥1 CSIReportConfig CSI Reporting Settings, M≥1 CSIResourceConfig CSI Resource Settings, and a single MeasConfig measurement setting containing L≥1 Links. For L1-RSRP acquisition, a UE is configured by higher layers with P≥1 L1-RSRPReportConfig L1-RSRP Reporting Settings and R≥1 L1-RSRPResourceConfig L1-RSRP Resource Settings.



It can be seen that UE is configured with separate resources and reporting configuration for CSI acquisition and for L1-RSRP acquisition. The main purpose of the former is for link adaptation and for codebook based reporting while L1-RSRP is supposed to be mainly used for beam management (i.e. monitoring UE’s candidate beams). In the recent version of L1 parameters provided by RAN1 there is no mention of L1-RSRP related configurations and in consequence only CSI measurement configuration is included in the draft 38.331 specifications as can be seen in Annex A. Probably it is not beneficial to anticipate L1 parameters based on the current version of 38.214 specifications and wait for further input from RAN1.
Observation 3: Current running TS 38.331 captures CSI related configurations while the configuration of L1-RSRP measurements is missing. RAN2 needs to wait for further input from RAN1 on these aspects. 
3	Summary
This contribution discusses potential impacts of beam management on RAN2 specifications. It is observed that:
Observation 1: MAC CE might need to be specified for semi-persistent CSI report triggering. However, this is pending final RAN1 decision.
Observation 2: MAC CE needs to be specified allowing for selection of a subset of CSI-RS resource set(s) from the configured CSI-RS resource sets.
Observation 3: Current running TS 38.331 captures CSI related configurations while the configuration of L1-RSRP measurements is missing. RAN2 needs to wait for further input from RAN1 on these aspects. 
Unfortunately, the only thing that can be proposed based on these considerations seems to be to wait for further RAN1 input, but it is at least worth noting those impacts when drafting next versions of MAC and RRC specifications.
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Annex A		Beam management related configurations in current version of TS 38.331

–	CSI-MeasConfig
The CSI-MeasConfig IE is used to configure the UE for measuring CSI-RS (reference signals) and for reporting those measurements on L1 (PUCCH, PUSCH) as channel state information. 
CSI-MeasConfig information element
-- ASN1START
-- TAG-CSI-MEAS-CONFIG-START

-- Top level parameter for CSI/BM framework. Contains lists of  reporting, resource, and link configurations (see 38.214, section 5.2)
CSI-MeasConfig ::=					SEQUENCE {
	csi-ResourceConfigurations 			SEQUENCE (SIZE (1..maxNrofCSI-ResrouceConfigurations) OF CSI-ResourceConfiguration 		OPTIONAL,
	csi-ReportConfigurations			SEQUENCE (SIZE (1..maxNrofCSI-Reports)) OF CSI-ReportConfig										OPTIONAL,
	csi-MeasIdToAddModList				SEQUENCE (SIZE (1..maxNrofCSI-MeasId) OF CSI-MeasIdToAddMod										OPTIONAL,

	-- Contains trigger states for dynamically selecting one or more aperiodic and semi-persistent reporting configurations
	-- CHECK: Is this the appropriate place for the IE or should it be inside the resource configuration or in a set?
	aperiodicRreportTrigger					TYPE_FFS!
}


-- One CSI resource configuration comprising of one or more resource sets
CSI-ResourceConfiguration ::= 				SEQUENCE {
	-- FFS: Where is the CSI-ResourceConfigurationId used?
	csi-ResourceConfigurationId					CSI-ResourceConfigurationId,
	csi-ResourceSets 	 						SEQUENCE (SIZE (1..maxNrofCSI-ResourceSets) OF CSI-ResourceSet	

	resourceType							CHOICE {
		aperiodic								NULL, 
		semiPersistent, 						SEQUENCE {
			-- Periodicity and slot offset 
			csi-RS-timeConfig						TYPE_FFS!,
		}NULL,
		periodic								SEQUENCE {
			-- Periodicity and slot offset 
			csi-RS-timeConfig						TYPE_FFS!,
		}NULL
	}}

CSI-ResourceConfigurationId ::= INTEGER (0..maxNrofCSI-ResourceConfigurations-1)

--	A set of CSI-RS resources (their IDs) for which DCI indicates whether or not these CSI-RS resources are currently present or not. 
CSI-ResourceSet ::= 					SEQUENCE {
	-- FFS: Where is the CSI-ResourceSetId used?
	csi-ResourceSetId						CSI-ResourceSetId,
	-- FFS: Better make the csi-rs-Resources a common pool on CSI-MeasConfig level?
	csi-rs-Resources						SEQUENCE (1..maxNrofCSI-RS-ResourcesPerSet) OF CSI-RS-Resource,
	-- Indicates whether repetition is on/off. Repetition on (off), means that The UE can (cannot) assume that 
	-- the network maintains a fixed TX beam over the resources in the set.
	repetition								BOOLEAN
}

CSI-ResourceSetId ::= INTEGER (0..maxNrofCSI-ResourceSets-1)

-- A CSI-RS (reference signal) resource which the UE may be configured to measure on (see 38.214, section 5.2.1.3.1)
NZP-CSI-RS-Resource ::=						SEQUENCE {
	nzp-csi-rs-ResourceId						NZP-CSI-RS-ResourceId,
	-- Number of ports (see 38.214, section 5.2.1.2)
	nrofPorts								ENUMERATED {p1,p2,p4,p8,p12,p16,p[24],p32},
	-- OFDM symbol and subcarrier occupancy of the CSI-RS resource within a slot (see 38.214, section 5.2.1.3.1)
	csi-RS-RresourceMapping					TYPE_FFS!,
	-- CDM value (1, 2, 4, or 8), CDM pattern (freq only, time and freq, time only) (see 38.214, section 5.2.1.3.1)
	cdm-Value								ENUMERATED {n1, n2, n4, n8},
	cdm-Pattern								ENUMERATED {freqOnly, timeAndFreq, timeOnly},
	-- Density of CSI-RS resource measured in RE/port/PRB (see 38.214, section 5.2.1.3.1)
	csi-RS-Density							TYPE_FFS!,
	-- Wideband or partial band CSI-RS (see 38.214, section 5.2.1.3.1)
	csi-RS-FreqBand							TYPE_FFS!,
	-- Power offset of NZP CSI-RS RE to PDSCH RE, corresponds to parameter Pc (see 38.214, section 5.2.1.3.1)
	powerControlOffset						TYPE_FFS!,
	-- Scrambling ID (see 38.214, section 5.2.1.3.1)
	scramblingID							TYPE_FFS!,
	-- Periodicity and slot offset 
	csi-RS-timeConfig						TYPE_FFS!
}

NZP-CSI-RS-ResourceId ::= 						INTEGER (0..maxNrofNZP-CSI-RS-Resources-1)

ZP-CSI-RS-Resource ::= 						SEQUENCE {
	zp-csi-rs-ResourceId						ZP-CSI-RS-ResourceId,
	-- OFDM symbol and subcarrier occupancy of the CSI-RS resource within a slot (see 38.214, section REF)
	resourceMapping								TYPE_FFS!,

}

ZP-CSI-RS-ResourceId ::= 					INTEGER (0..maxNrofZP-CSI-RS-Resources-1)

-- Configuration of a CSI-Report sent on L1 (e.g. PUCCH) (see 38.214, section 5.2.1.2)
CSI-ReportConfig ::=					SEQUENCE {
	reportConfigId							CSI-ReportConfigId,
	-- Time domain behavior of reporting configuration
	reportConfigType						TYPE_FFS!,CHOICE {
		periodic								SEQUENCE {
			-- Periodicity and slot offset for periodic/semi-persistent reporting
			reportSlotConfig						TYPE_FFS!,
			-- Indicates which PUCCH resource to use for reporting on PUCCH.
			pucch-CSI-ResourceIndex					TYPE_FFS!
		},
		semiPersistent							SEQUENCE {
			-- Periodicity and slot offset 
			reportSlotConfig						TYPE_FFS!,
			-- Indicates which PUCCH resource to use for reporting on PUCCH.
			pucch-CSI-ResourceIndex					TYPE_FFS!
		},
		aperiodic								SEQUENCE {
			-- Timing offset Y for aperiodic reporting. A particular value is indicated in DCI. (see 38.214, section REF)
			aperiodicReportSlotOffset				TYPE_FFS!
		}
	},
	-- The CSI related quanities to report (see 38.214, section REF)
	reportQuantity							SEQUENCE {ENUMERATED {CRI-RI-PMI-CQI, CRI-RI-i1, CRI-RI-i1-CQI, CRI-RI-CQI, CRI, CRI-RSRP, spare1, spare0},
		-- Number of beams to report for group based beam reporting (see 38.214, section REF)
		-- CHECK: wouldn’t it fit better under groupBasedBeamReporting?
		nrofBeamsToReport						TYPE_FFS!
	},
	-- Reporting configuration granularity in the frequency domain. Enables configuration of at least subband or wideband PMI and CQI reporting separately.
	reportFreqGranularityConfiguration					TYPE_FFS! SEQUENCE {
		-- Indicates whether the UE shall report a single (wideband) or multiple (subband) CQI. (see 38.214, section REF)
		cqi-FormatIndicator						ENUMERATED { widebandCQI, subbandCQI },
		-- Indicates whether the UE shall report a single (wideband) or multiple (subband) PMI. (see 38.214, section REF)
		pmi-FormatIndicator						ENUMERATED { widebandPMI, subbandPMI },
		-- Indicates a contiguous or non-contigous subset of subbands in the bandwidth part which CSI shall be reported 
		-- for. FFS: Each bit in the bit-string represents one subband. The right-most bit in the bit string represents the 
		-- lowest subband in the BWP. (see 38.214, section REF)
		-- FFS: Size of the bitmap. Introduce a CHOICE with different bitmap lengths?
		csi-ReportingBand						BIT STRING (SIZE (FFS))
	},
	-- Time domain measurement restriction for the channel (signal) measurements.
	measRestrictionTimeForChannel			TYPE_FFS!,
	-- Time domain measurement restriction for interference measurements.
	measRestrictionTimeForInterference		TYPE_FFS!,
	-- Codebook configuration for Type-1 or Type-II including codebook subset restriction
	codebookConfig							CodebookConfig,
	-- Maximum number of CQIs per CSI report (cf. 1 for 1-CW, 2 for 2-CW)	
	nrofCQIsPerReport						ENUMERATED {n1, n2},
	-- Turning on/off group beam based reporting
	groupBasedBeamReporting					BOOLEAN
}

CSI-ReportConfigId ::= 					INTEGER (0..maxNrofCSI-ReportConfig-1)

-- Codebook configuration for Type-I and Type-II (see 38.214, section 5.2.1.2)
CodebookConfig ::= 						SEQUENCE {
	-- Number of antenna ports in first dimension
	codebookConfig-N1						ENUMERATED {n1,n2,n3,n4,n6,n8,n12,n16},
	-- Number of antenna ports in second dimension
	codebookConfig-N2						ENUMERATED {n1,n2,n3,n4},
	-- Codebook subset restriction for the different codebooks
	codebookSubsetRestriction				SEQUENCE {
		-- Restriction for Rank Indicator (RI) selection
		ri-Restriction							TYPE_FFS!,

	},

	codebookType 							CHOICE {
		type1 									SEQUENCE {
			-- The sub-type to use (see 38.214, section 5.2.1.2)
			subType									ENUMERATED {TypeI-SinglePanel, TypeI-MultiPanel},
			-- Switch between Config 1 and Config 2
			codebookMode							ENUMERATED {config1, config2},
			-- Number of panels, Ng, used in multi-panel codebook
			numberOfPanels							ENUMERATED {2panels, 4panels}					OPTIONAL		-- Cond TypeI-MultiPanel
			codebookSubsetRestrictionType1			CHOICE {
				-- Only applicable of TypeI Single Panel codebook configured and CodebookConfig-N1 and CodebookConfig-N2 are both equal to one.
				singlePanel2TX							BIT STRING (SIZE (6)),
				-- Applicable for TypeI Single Panel if CodebookConfig-N1 and CodebookConfig-N2 are both not equal to one 
				-- and for Type I Multi-Panel. The size of the bitstring is N1*N2*O1*O2
				-- FFS: Clarify bitmap size with RAN1. Consider CHOICE for different bitmap sizes. 
				singleOrMultiPanel						BIT STRING (SIZE (FFS)),

		},
		type2									SEQUENCE {
			-- The sub-type to use (see 38.214, section 5.2.1.2)
			subType									ENUMERATED {TypeII, TypeII-PortSelection},
			-- The size of the PSK alphabet, QPSK or 8-PSK
			phaseAlphabetSize						ENUMERATED {n4, n8}
			-- If subband amplitude reporting is activated (true)
			subbandAmplitude						BOOLEAN,
			-- Number of beams, L,  used for linear combination
			numberOfBeams							ENUMERATED {2beams, 3beams, 4beams},
			-- The size of the port selection codebook (parameter d)
			portSelectionSamplingSize				ENUMERATED {n1, n2, n3, n4}					OPTIONAL		-- Cond TypeII-PortSelection
			-- Codebook subset restriction for Type II codebook. 
			-- FFS: Clarify the meaning of the bitmap
			-- FFS: The size of the bitmap is ceil(log2(nchoosek(O1*O2,4)))+8*N1*N2 ==> Clarify size. Present different bitmap sizes by CHOICE?
			codebookSubsetRestrictionType2			BIT STRING (SIZE (FFS))
		}
	}
}


-- Linking a CSI-RS-ResourceConfig with a CSI-ReportConfig
CSI-MeasIdToAddMod ::=					SEQUENCE {
	csi-measId								CSI-MeasId,
	csi-RS-resourceConfigId					CSI-RS-ConfigurationId,
	csi-reportConfigId						CSI-ReportConfigId,	

	-- For CQI-Emulation, i.e., how to measure and compute the CQI. 
	-- CHECK: Clarify further what the values mean. 
	-- CHECK: Is there a need to inform the UE which resource to use for which measurement (signal, interference, ...)?
	measQuantity							ENUMERATED {channel, interference}
}

CSI-MeasId ::= 							INTEGER (0..maxNrofCSI-MeasId-1)

-- CHECK: Do the BeamManagement parameters really belong into the CSI context? Or rather to RLF/RLM?
BeamManagement ::= 						SEQUENCE {	Comment by Ericsson: TODO: Use it somewhere and explain what it is used for.
	-- Use of PRACH or/and PUSCH for beam in some combination, details FFS	
	linkReconfigurationRequest				TYPE_FFS!													OPTIONAL,
}

-- TAG-CSI-MEAS-CONFIG-STOP 
-- ASN1STOP

